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Preserving historical masonry arch bridges is an important task for us to carry on our industrial heritages for the next 
generations. A single span masonry arch bridge was analyzed by finite element method with two meshing schemes 
considering material non-linearity in order to define a simple and reasonable modeling procedure for masonry arch 
bridges. The results indicated that the analytical model in which meshes were automatically created using pre-processor 
of commercial FEM program considering yielding of materials was able to reasonably simulate the behavior of the 
masonry detailed model. Furthermore, effects of unequal settlement of the foundation on the stress distribution of the 
masonry arch bridge were discussed.  
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㒠ߢ஥ജᔕ❗࿶߇⦡㕍ޔ஥ജᔕᒛᒁ߇⦡⿒ޕࠆ޿ߡߒ␜ࠍᏓಽߩ⚛ⷐߚߒફ㒠ߩ࡞࠺ࡕᯅ࠴࡯ࠕਔߪ3࿑ 
ߣ࡞࠺ࡕਔޔ߇ࠆ޿ߡߒ␜ࠍὐᤨߚߒᆎ㐿߇ફ㒠ߢㇱ࠴࡯ࠕߪ )b()a(3࿑ޕࠆ޿ߡߒ␜ࠍߣߎߚࠇߐቯ್ߣફ
A-hcrAޔߪ㊀⩄ᐔ᳓ߩ)b()a(3࿑ޕࠆ߈ߢ⹺⏕߇ߣߎࠆ޿ߡߒᆎ㐿߇ફ㒠ߢㄭઃ⇇Ⴚߩߣ⣉ᯅߩ஥Ꮐ࠴࡯ࠕ߽
)d()c(3࿑ޕࠆ޿ߡߒફ㒠ߢ㊀⩄޿ߐዊ%3߇ᣇߩB-hcrAޔࠅ޽ߢNk1.84ߪB-hcrAߡߒኻߦߩߚߞ޽ߢNk6.94ߢ
ㇱ࠴࡯ࠕ߽ߣ࡞࠺ࡕਔޕࠆ޿ߡߒ⴫ࠍᏓಽߩ⚛ⷐߚߒફ㒠ߩ࡞࠺ࡕਔޔࠅ޽ߢሶ᭽ߩᤨNk08߇㊀⩄ᐔ᳓ߪ
セᲧࠍ࿐▸Ꮣಽߩ⚛ⷐࠆ޿ߡߒફ㒠ࠆߌ߅ߦ࡞࠺ࡕਔޕࠆ߈ߢ⹺⏕߇ߣߎࠆ޿ߡߓ↢߇ફ㒠ߩ❗࿶ߢ஥ฝߩ
ޕࠆߖߥ⷗ߣࠆ޽ߢߓห߷߶ߪ࿐▸Ꮣಽߩ⚛ⷐࠆ޿ߡߒફ㒠ߦ߽ߣ❗࿶࡮ᒛᒁޔߣࠆߔ
セᲧࠍ࿑ਔޕࠆ޿ߡߒ࠻࠶ࡠࡊࠍᣇ޿߈ᄢߩ୯ኻ⛘ޔౝߩജᔕਥࠆߓ↢ߦ⚛ⷐฦࠆߌ߅ߦ࡞࠺ࡕਔߪ4࿑
3
－711－
ߔࠆߣਥᔕജߩ୯ߣߘߩಽᏓߦ߅޿ߡ߽ޔⷐ⚛ߩᒻ⁁ߦࠃࠆᄙዋߩಽᏓߩ㆑޿߿ޔ࿑4(a)ߩ㕍౞ߢ࿐ࠎߛ▎
ᚲߥߤ⋡࿾ߩᒢᕈଥᢙ߇ዊߐ޿ߎߣߦࠃࠆዪᚲ⊛ߥᒁᒛᔕജߩૐਅߪ⏕⹺ߢ߈ࠆ߇ޔࠕ࡯࠴ᯅࡕ࠺࡞ో૕ߣ
ߒߡߪᒁᒛ࡮࿶❗ߩਥᔕജ߇߶߷หߓࠃ߁ߦಽᏓߒߡ޿ࠆߣ⷗ߥߖࠆޕ
એ਄ࠃࠅޔ੹࿁૶↪ߒߚ⥄േࡔ࠶ࠪࡘಽഀࡕ࠺࡞ߦࠃࠅޔ⋡࿾ㇱߢߩ៊்ࠍ⠨ᘦߒߚ࡟ࡦࠟ࡮⋡࿾ߢⷐ⚛
ࠍಽഀߒߚࡕ࠺࡞ߣห⒟ᐲߩ⸃ᨆ⚿ᨐࠍᓧࠄࠇࠆߎߣ߇⏕⹺ߢ߈ߚޕߔߥࠊߜޔࠕ࡯࠴ㇱߢߩ㒠ફ㐿ᆎᤨᦼ
߅ࠃ߮૏⟎ޔߥࠄ߮ߦ᳓ᐔ⩄㊀ࠍ80kN߹ߢ૞↪ߐߖߚᲑ㓏ߦ߅ߌࠆ㒠ફߩಽᏓ߅ࠃ߮ਥᔕജಽᏓߦߟ޿ߡ
 (a) Arch-A㧦ࠕ࡯࠴ㇱ㒠ફ㐿ᆎ㧔49.6kN૞↪ᤨ㧕(b) Arch-B㧦ࠕ࡯࠴ㇱ㒠ફ㐿ᆎ㧔48.1kN૞↪ᤨ㧕
 (c) Arch-A㧦80kN૞↪ᤨ         (d) Arch-B㧦80kN૞↪ᤨ
ᒁᒛ㒠ફ     ࿶❗㒠ફ
࿑ 3 ᯅゲᣇะ᳓ᐔタ⩄ߩ㒠ફߒߚⷐ⚛ߩಽᏓ
න૏㧦kPa
࿑ 4 ᯅゲᣇะ᳓ᐔタ⩄ߩਥᔕജߩಽᏓ
(a) Arch-A                                         (b) Arch-B 
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ೋߪ㈩൨ᰴ2ࠆߌ߅ߦ࡞࠺ࡕഀಽࡘࠪ࠶ࡔേ⥄ޔߚ߹ޕߚࠇࠄᓧ߇ᨐ⚿ߚߒૃㄭࠍ࡞࠺ࡕ⚛ⷐ࿾⋡࡮ࠟࡦ࡟
ߞⴕࠍᨆ⸃ಽჇ㊀⩄ߩ߳ะᣇゲᯅߚߒᘦ⠨ࠍફ㒠ߩߢ࿾⋡ޕߚ߈ߢ⹺⏕߇ߣߎࠆ޽ߢಽචߢ002/1ߩ㈩൨ᦼ
ᐢޔߺㅴ߇ⴕㅴߩફ㒠ߩߢㇱ࠴࡯ࠕߪᓟߚߓ↢߇ફ㒠ߩߢㇱ࠴࡯ࠕ߇ࠆߓ↢ߦవߢㇱᐩ⣉ᯅߪફ㒠ޔᨐ⚿ߚ
㊀⩄ߩ߳ะᣇゲᯅߦᯅ࠴࡯ࠕࠟࡦ࡟ߡߞࠃߦ╬ኂἴ⋚࿾ޔࠄ߆ߣߎߩߎޕࠆߔᏓಽ߇⚛ⷐࠆߔફ㒠ߢ࿐▸޿
ޕࠆࠇࠄ߃⠨ߣࠆߥߊ߈ᄢ߇უ፣ߩߢㇱ࠴࡯ࠕޔว႐ߚߒ↪૞߇
⸛ᬌࠆߔ㑐ߦേ᜼ߩᯅ࠴࡯ࠕߩᤨਅᴉหਇ㧚㧠
ޔ߅ߥޕߚߞⴕࠍᨆ⸃૏ᄌ೙ᒝะᣇ⋥㋦ߚߒቯᗐࠍਅᴉหਇߡ޿↪ࠍ࡞࠺ࡕഀಽࡘࠪ࠶ࡔേ⥄ޔߪߢߎߎ 
ߩ⩄タᐔ᳓ޔߪߡߒߣઙ᧦⇇Ⴚޕߚߒ⸛ᬌߢߺߩ࡞࠺ࡕߚߒߣ002/1ߩᕈ೰ᦼೋࠍ㈩൨ᰴ2ޔࠅࠃᨐ⚿ߩ┨3
ᄌߩะᣇ⋥㋦ޕߚߖߐ૏ᄌ೙ᒝߦะᣇਅ⋥㋦ࠍ⣉ᯅߩ஥ฝᯅ࠴࡯ࠕޔࠄ߆ߡߖߐ↪૞ࠍ㊀⩄ᱫߦ᭽หࠬ࡯ࠤ
ޕߚߒߣߢ߹mm001ߦ቟⋡ࠍߣߎࠆ߈ߢ⹺⏕ߦ⏕᣿߇ⴕㅴߩᏓಽߩ⚛ⷐફ㒠ޔߓ↢߇ફ㒠ߢಽㇱ࠴࡯ࠕߪ㊂૏
޿߅ߦ⣉ᯅߩᣇਔฝᏀޕࠆ޿ߡߒ⴫ࠍ✢ᦛ૏ᄌ⋥㋦㧙ജ෻⋥㋦ࠆߌ߅ߦㇱᐩ⣉ᯅߩ࡞࠺ࡕᯅ࠴࡯ࠕߪ5࿑
߇⣉ᯅ஥ฝߪߢ⣉ᯅ஥Ꮐߡࠇߟߦࠆߔ૏ᄌߦ߈ะਅ⋥㋦߇⣉ᯅ஥ฝޔࠅ߅ߡߞ߹ᆎࠄ߆ᘒ⁁ߩജ෻㊀⩄ᱫߡ
૏ᄌ⋥㋦ޕࠆ߆ಽ߇ߣߎࠆ޿ߡߞߥߊ߈ᄢ߇୯ߩജ෻⋥㋦ޔ߼ߚࠆߔᜂ⽶ࠍ㊀⩄ᱫߩಽߚߞߥߊߥ߈ߢᜂ⽶
ߣߎࠆ޿ߡߒ↪૞ߦ⣉ᯅߩ஥Ꮐ߇%3.58ࠅᱷߒ↪૞߇%7.41ߩ㊀⩄ᱫߪ஥ฝ⣉ᯅޔ߈ߣߚߒ㆐ߦmm001߇㊂
⷗߇ൻᄌߦ㈩൨ޔߢㄭઃmm03ߣㄭઃmm5ߪജ෻ߩ⣉ᯅߩฝᏀޔߣࠆߔ⋡⌕ߦᱧጁߩജ෻ฦޕߚ߈ߢ⹺⏕߇
߇ߣߎࠆ޿ߡߒ㗀ᓇ߇޿㆑ߩᕈ೰ࠆߔኻߦᒛᒁߣ❗࿶ޔߪߡߒߣ࿃ේࠆߔൻᄌߢㄭઃmm5ߕ߹ޕࠆࠇࠄߌฃ
⁁ࠆߔ᦭ࠍᢙଥᕈᒢߩ஥❗࿶ߪ⣉ᯅߩฝᏀޔߒ↪૞߇㊀⩄ᱫߕ߹ߪߦ⚛ⷐࠆߔᚑ᭴ࠍᯅ࠴࡯ࠕޕࠆࠇࠄ߃⠨
ઃmm5߇㗀ᓇߩߎޕࠆߥߣᘒ⁁ࠆߔ᦭ࠍᢙଥᕈᒢߩᒛᒁ߇⚛ⷐߩㇱ৻ߡߞ઻ߦਅᴉหਇޔᓟߩߘޕࠆߥߣᘒ
ߩฝᏀߪࠇߎޔ߈ߢ⹺⏕ߢㄭઃmm03ߪൻᄌߩ㈩൨ߩᰴޕࠆࠇࠄ߃⠨ߣࠆ޿ߡࠇ⴫ߡߒߣൻᄌߩ㈩൨ߩߢㄭ
஥ฝߦᤨߩmm2.71߇㊂૏ᄌ⋥㋦ߪߢᨆ⸃ߩ࿁੹ޕࠆࠇࠄ߃⠨ߣࠆ޽ߢ߼ߚߚߒફ㒠߇⚛ⷐࠆߔᚑ᭴ࠍ⣉ᯅ
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ജ෻ߩㇱၮ⣉ᯅ 6࿑          ✢ᦛ૏ᄌ⋥㋦㧙ജ෻⋥㋦߁઻ߦਅᴉหਇ 5࿑  
ફ㒠ᒛᒁ
ફ㒠❗࿶
Ꮣಽߩ⚛ⷐߚߒફ㒠 7 ࿑Ꮣಽജᔕਥߩᤨਅᴉหਇ 8 ࿑  aPk㧦૏න
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6߇ફ㒠ޔ߇ࠆ޿ߡߒᆎ㐿߇ફ㒠ߩᒛᒁߢㄭઃ⇇Ⴚߩߣ⣉ᯅߩ஥ฝㇱ࠴࡯ࠕߪߦᤨߩmm8.81ޔߢㇱᐩߩ⣉ᯅ
߿⣉ᯅޔᣇ৻ޕࠆࠇࠄ߃⠨ߣߛࠄ߆ߡߞߥߦߤ߶mm03ߪߩࠆࠇ⴫߇㗀ᓇߦജ෻㊀⩄ᱫࠆߓ↢ߦ⣉ᯅߒⴕㅴ
ޕࠆࠇࠄ߃⠨ߣࠆ޽߇ᕈ⢻นࠆߔ⪭ߊߪߩࠟࡦ࡟ޔࠇࠊᄬߪᐲᒝߩಽㇱ࿾⋡ߢὐᤨߚߓ↢߇ફ㒠ߢㇱ࠴࡯ࠕ
Ꮐޕࠆ޽ߢߩ߽ߚߒ࠻࠶ࡠࡊߦะᣇゲᯅࠍᏓಽߩജ෻ࠆ޿ߡߓ↢ߦㇱᐩ⣉ᯅߩᤨߩmm001߇㊂૏ᄌߪ6࿑
ᣇߩಽㇱࠆ޿ߡߓ↢߇㧕୯ߩ⽶ߪߢਛ࿑㧦ജᒛᒁ㧔ജ෻⽶߽ߡ޿߅ߦ⣉ᯅߩࠄߜߤޔߣࠆߔセᲧࠍ⣉ᯅߩฝ
⍫ࠄ߆┵ฝߩㇱᐩ⣉ᯅߪಽㇱࠆ޿ߡߓ↢߇㧕୯ߩᱜߪߢਛ࿑㧦ജ❗࿶㧔ജ෻ߩ߈ะ਄ޔࠅ߅ߡߒᏓಽߊᐢ߇
ߡߓ↢ࠍફ㒠ࠆࠃߦᒛᒁޔߢ⣉ᯅߩฝᏀޔߣࠆߔ⹺⏕ࠍ㧕7࿑㧔Ꮣಽߩ⚛ⷐߚߒફ㒠ޕࠆ޽ߢߌߛ᏷ߩ3/1⚂
ࠕߣ⣉ᯅߩ஥Ꮐޔߪફ㒠ࠆࠃߦ❗࿶ޔࠅ߅ߡߒᏓಽߊᐢߡߌ߆ߦ⇇Ⴚߩߣㇱ࠴࡯ࠕࠄ߆ㇱᐩ⣉ᯅߪ࿐▸ࠆ޿
ᔕਥߩ❗࿶ޔ߽ߢ㧕8࿑㧔࿑Ꮣಽജᔕਥޔߚ߹ޕࠆ޿ߡߞ߹ߤߣߦࠆ޿ߡߓ↢ߦ߆ߕࠊߦㄭઃ⇇Ⴚߩㇱ࠴࡯
ߌߥߒᗧᵈߢߎߎޔߒ߆ߒޕࠆ߈ߢ⹺⏕߇੐ࠆ޽ߢ࿐▸޿⁜ߩ┵ฝߩ⣉ᯅߪ࿐▸ࠆ޿ߡߒ␜ࠍ୯ߥ߈ᄢ߇ജ
ᦛߩ⣉ᯅޔߓ↢߇㑆㓗ࠆࠃߦⵚ੉ߪว႐ߚߒ↢⊒߇ફ㒠ߡ޿߅ߦ‛ㅧ᭴ࠟࡦ࡟ߩ㓙ታޔߪߣߎ޿ߥࠄߥ߫ࠇ
ޕࠆ޽ߢߣߎࠆࠇࠄ߃⠨ߣ޿ߥߓ↢ߪജ෻⽶ߩㇱᐩ⣉ᯅߪ޿ࠆ޽ᒛᒁߍ
ࡕߍᦛߪߦ⣉ᯅߩ஥ਔޔ޿઻ߦᒻᄌߩ૕ోᯅ࠴࡯ࠕޔว႐ߚߓ↢߇ਅᴉหਇߦᯅ࠴࡯ࠕࠟࡦ࡟ޔࠅࠃ਄એ 
ജ෻㊀⩄ᱫࠆߓ↢ߦㇱᐩ⣉ᯅޕߚߞ߆ಽ߇ߣߎࠆߓ↢߇ફ㒠ߩᒛᒁߢ࿐▸޿ᐢߩㇱᐩ⣉ᯅޔ↢⊒߇࠻ࡦࡔ࡯
૞ߦ⣉ᯅߩ஥ ߇਄એ%58ߩ㊀⩄ᱫࠅ޽ߢ࿐▸޿⁜ߪᚲ▎ࠆߥߊ߈ᄢ߇ജᔕਥߩ❗࿶ࠆߓ↢ߢౝ⣉ᯅ߮ࠃ߅
߇㊂૏ᄌ⋥㋦ߪફ㒠ࠆࠃߦᒛᒁޔᣇ৻ޕࠆ޽ߢᐲ⒟ࠆߓ↢ߦ߆ߕࠊߪફ㒠ࠆࠃߦ❗࿶߽ߢࠇߘޔ߇ࠆߔ↪
ࠍუ፣߇ࠟࡦ࡟ߡࠇࠊᄬߪᐲᒝߩಽㇱ࿾⋡ߢὐᤨߩߎޔࠅ߅ߡߒ↢⊒ߦㇱ࠴࡯ࠕߣㇱᐩ⣉ᯅߢὐᤨߩmm03
ޕࠆ޽ߢࠄ߆ߡߒ㆐ߦmm03ߪߩࠆࠇ⴫߇㗀ᓇߦ૕ో⣉ᯅޔ߇ࠆࠇࠄ߃⠨ߣࠆ߼ᆎ
߼ߣ߹㧚㧡
ߩ࠻ࡈ࠰ᨆ⸃ߣ࡞࠺ࡕߚߒഀಽࠍ⚛ⷐߢ࿾⋡࡮ࠟࡦ࡟ޔߡ޿ߟߦᯅ࠴࡯ࠕ㑆ᓘනߩㅧ᭴ࠟࡦ࡟ߪߢⓥ⎇ᧄ
⸃ߚߒᘦ⠨ࠍᕈᒻ✢㕖ߩᢱ᧚߼ߚࠆߔᘦ⠨ࠍ்៊ߩㇱ࿾⋡ޔߒᚑ૞ࠍ࡞࠺ࡕߚ޿↪ࠍ⢻ᯏഀಽࡘࠪ࠶ࡔേ⥄
ޕߔ⸥ࠍߣߎߚߞߥߦ߆ࠄ᣿ߢⓥ⎇ᧄߦਅએޕߚߞⴕࠍᨆ
╙ߩᢙଥᕈᒢߩ࡞࠺ࡕഀಽࡘࠪ࠶ࡔേ⥄ޔว႐ߚߒߣ00001/1ࠍ㈩൨2╙ߩᢙଥᕈᒢߢ࡞࠺ࡕ࿾⋡࡮ࠟࡦ࡟ )1
ޕࠆ޽ߢ⢻น߇ߣߎࠆᓧࠍᨐ⚿ᨆ⸃ߩᐲ⒟หߪߢ࿐▸ߚߒ⸛ᬌߢⓥ⎇ᧄޔᤨߚߒߣ002/1ߩ㈩൨ᦼೋࠍ㈩൨2
ߢㇱ࠴࡯ࠕޔࠅ޽ߢߓห߇㊀⩄ફ㒠ߣ⟎૏ߩ⚛ⷐࠆߔફ㒠ޔ߽ߡߒ㑐ߦߣߎࠆߔቯ್ࠍફ㒠ߩߢㇱ࠴࡯ࠕ
Ꮣಽജᔕਥ߮ࠃ߅Ꮣಽߩ⚛ⷐࠆߔફ㒠ߩ㧕㓏Ბߚߖߐ↪૞ߢ߹Nk08ߪߢⓥ⎇ᧄ㧔ᓟߚߒⴕㅴ߇ൻᕈ႟ߩ
ޕࠆ޽ߢ⢻นߪଔ⹏ߩߢ࡞࠺ࡕᨆ⸃୯ᢙߚߒൻ⇛◲ޔ߼ߚߔ␜ࠍᨐ⚿ߚߒૃㄭ߽ߡ޿ߟߦ
ᯅߩ஥ਔ޿઻ߦᒻᄌߩ૕ోᯅ࠴࡯ࠕޔߣࠆߖߐ૏ᄌߦ߈ะਅ⋥㋦ࠍ⣉ᯅߩ஥ ޔ߼ߚࠆߔ⃻ౣࠍਅᴉหਇ )2
ജᔕਥߩ❗࿶ޔ߇ࠆߓ↢ߦ⣉ᯅߩ஥ ߇਄એ%58ߩ㊀⩄ᱫޕࠆߓ↢߇ફ㒠ߩᒛᒁߒ↪૞߇ᒛᒁߍᦛߪߢ⣉
㊂૏ᄌ⋥㋦ߪફ㒠ࠆࠃߦᒛᒁޔᣇ৻ޕࠆ޽ߢᐲ⒟ࠆߓ↢ߦ߆ߕࠊߪફ㒠ߩ❗࿶ޔߊ⁜ߪᚲ▎ࠆߥߊ߈ᄢ߇
ߪߩࠟࡦ࡟ߡࠇࠊᄬߪᐲᒝߩಽㇱ࿾⋡ߢὐᤨߩߎޔࠅ߅ߡߒ↢⊒ߦㇱ࠴࡯ࠕߣㇱᐩ⣉ᯅߢὐᤨߩmm02߇
ޕࠆ޽ߢࠄ߆ߡߒ㆐ߦmm03ߪߩࠆࠇ⴫߇㗀ᓇߦ૕ో⣉ᯅޔ߇ࠆ޽߇ᕈ⢻นࠆ߹ᆎ߇⪭ߊ
ߩ߳ะᣇⷺ⋥ゲᯅߡ޿↪ࠍ࡞࠺ࡕߚߒ⃻ౣࠍߐෘޔࠇ౉ߦ㊁ⷞࠍଔ⹏⢻ᕈ㔡⠴ࠆࠃߦᨆ⸃╵ᔕ㔡࿾ޔᓟ੹
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